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Abstract
This project examines the bark of North American plant, Sassafrass albidum, in
search for specific compounds of antileishmanial activity. The basis of this research
comes from a previous report on how a crude extract of Sassafrass albidum bark has
been proven to have antileishmanial activity. In order to ascertain the specific
compounds responsible for the positive results to the parasite leishmania, the
Sassafrass albidum bark was extracted with a Soxhlet extraction, separated and
isolated through column chromatography and vial in vial recrystallization, and
analyzed through Nuclear Magnetic Resonance and Infrared spectroscopy. The three
compounds identified are sesamin; the long chain alcohol, 1-triacontanol; and the
long chain aldehyde, hexatriacontanal. These compounds were submitted for
antileishmanial screening by the end of 2014. Sesamin showed both activity against L.
amazonensis and was not cytotoxic to mouse cells during screening.
Keywords: Sassafrass albidum, Leishmania, Soxhlet extraction, column
chromatography, Nuclear Magnetic Resonance, Infrared spectroscopy
Honors Thesis Advisor: Dr. William N. Setzer, Professor, Department of Chemistry
Advisor

Date

Department Chair

Date

Honors College Dean

Date
i

TABLE OF CONTENTS

Page

List of Figures…….....……………………………………………………….........................................……....iii
Chapters
ONE

INTRODUCTION……………………………….................................………………….……………..1
1.1

The plant: Sassafrass albidum……..............………………………….…....1

1.2

The protist: Leishmania……...………………………................….……..…..2

1.4

Treatment Options…………………………...................……………...............3

1.3

The disease: Leishmaniasis.........……………….……………................…..3

TWO MATERIALS AND METHODS……………………..........………………...............................…...3
2.1

Collection and Extraction……....................................…….........................3

2.3

Recrystallization….............…………………..........…….…....................……..6

2.2

THREE

2.4

Initial Separation………...........…………………....................…………….…..4
Structure Determination……………....................................................…...8

RESULTS……………...............................…....……………………………….………….…..8
3.1

Compounds Identified………………………................…..………….……….8
3.1.1 Hexatraicontanal..............................................................................9

3.1.2 1-traicontanol....................................................................................9
3.2

3.3

3.1.3 Sesamin................................................................................................9

Comparison to Current Data…………………..............…...……….….….10
NMR and IR Spectra………...................………….......………………….......11

FOUR CONCLUSION………………................................………………………………….………….........19

i

REFERENCES……….……………………………..................................…….……...........……….................20

FIVE APPENDIX……………………................................…………………………….……...........….……22
5.1

Soxhlet Extraction…………………………....…………...................….…….22

5.3

Thin Layer Chromatography…...………………………………................23

5.2
5.4
5.5

Column Chromatography………………...……………………...................22
Nuclear Magnetic Resonance Spectroscopy………..................….…24
Infrared Spectroscopy...............................................................................25

ii

LIST OF FIGURES

Figures

Page

1

Leishmania life cycle...................................................................................................................2

3

Column chromatography..........................................................................................................5

2
4

5

6
7

8

9

Soxhlet extractor..........................................................................................................................4

Column chromatography elution flow chart....................................................................6
TLC of fractions 20-37...............................................................................................................6

Vial in vial recrystallization.....................................................................................................7
Hexatriacontanal..........................................................................................................................9

1-triacontanol................................................................................................................................9

Sesamin..........................................................................................................................................10

10

1H

NMR of F5b............................................................................................................................12

12

1H

NMR of sesamin...................................................................................................................14

11
13

14

15
16
17

18

1H

NMR of F19a..........................................................................................................................13

13C

NMR of F5b...........................................................................................................................14

13C

NMR of sesamin..................................................................................................................16

13C

NMR of F19a.........................................................................................................................15

IR spectrum of F5b...................................................................................................................16

IR spectrum of F19a.................................................................................................................17
IR spectrum of sesamin..........................................................................................................18

iii

1. INTRODUCTION
Throughout history, many diseases and sicknesses have found their cure in natural
sources. Plants have often supplied the compounds necessary for healing. This report
covers background on Sassafrass albidum and Leishmaniasis, the experimental approach,
results, conclusion and appendix covering detailed procedures and theory behind some
parts of the approach.
This project explores the compounds of a local plant, Sassafrass albidum, in search for a
cure for Leshmaniasis, a disease caused by the protist, Leishmania. Basic information
about S. albidum and Leishmaniasis is presented in this section.
1.1 The plant: Sassafrass albidum
Sassafrass albidum is a deciduous tree from the Lauraceae family. This North
American plant is easily identified due to its unique odor and leaf shape. It is
found on the campus of the University of Alabama in Huntsville, where this
project was completed. Its name developed from the Latin phrase saxum fragans,
which means “stone breaker”. This particular name was given in reference to one
of its early uses to treat kidney stones (Hinkley).
Sassafrass tea, made from steeping different parts of the plant, is often the first
thing people are familiar with about S. albidum. As one of America’s earliest
agricultural exports, sassafrass stems, roots, and leaves made their way from
Florida to Spain (Hinkley). Sassafrass tea has been used historically for many
reasons, including one suggested use for the sassafrass tea, to fight mastitis
(Parker and Parker). S. albidum has some negative properties associated with its
use, however. One of these negative properties is found in some compounds of S.
albidum that likely cause hallucinations (Sandberg). Also, one of its main
compounds, safrole, was found to be carcinogenic (Schäffer). In 1960, the FDA
banned the sassfrass oil, from S. albidum root bark from being used in both
flavorings and pharmaceutical products; however, the S. albidum leaves contain
an insignificant amount of safrole, so today they are dried and sold legally as a
Cajun flavoring (Hinkley).
Due to its interesting properties and many uses, S. albidum has been greatly
analyzed to determine its chemical makeup. S. albidum is well known for its use
in synthesis of the drug ‘Ecstasy’ which uses the oils of two of these compounds,
safrole and isosafrole (Sandberg). When safrole was found to be carcinogenic,
many studies examined the compounds of the leaves and root bark (Schäffer). In
the leaf oil, some major components are geranial and neral, with the concentration
of sesquiterpenoids that increases during growing season (Kaler and Setzer). The
bark of S. albidum contains a high concentration of α-pinene, β-pinene, and 1,8cineole (Kennedy). An additional study at MSU identified the presence of ten
sesquiterpenes, safrole, camphor, and methyleugenol in the root bark (Kamden
and Gage). The research presented in this project report differs from most
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available literature on S. albidum because it focuses on compounds of the bark of
the limbs and trunk.
1.2 The protist: Leishmania
Leishmania is a species of flagellate protist that is transmitted by bloodsucking
sand flies in Africa, Europe, the Middle East, and the Neotropics. These protists
are found in two forms: round and oval, which is the stage in which the protist
lives and multiplies inside vertebrates (“Leishmania”). An image of the
Leishmania life cycle is included below in Figure 1. There are three species of
Leishmania that each attack different parts of the human body; the L. donovani
infects the liver, spleen, bone marrow; the L. tropica is seen in oriental sores,
pimples, and large ulcers; and the L. brasiliensis gives deep lesions in the oral and
nasal mucous membrane.

Figure 1: Life cycle of the protist Leishmania as spread by the sandfly.
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1.3 The disease: Leishmaniasis
The protist Leishmania cause the complex disease Leishmaniasis, of which
symptoms include those listed above with each protist species in addition to fever,
vomiting, weight loss, thinning hair, and enlargement of the lymph nodes. Once
again, these symptoms depend on which species of Leishmania is causing the
disease. The species that attacks the mucous membranes causes an often fatal,
systemic disease, visceral leishmaniasis.
Approximately two million people are infected by Leishmaniasis every year.
Spreading this disease occurs through the bloodsucking bite of a sand fly that is
carrying the protist or by blood transfusion. Leishmaniasis is caught and
diagnosed by finding the organism in the spleen’s pulp, the lymph nodes, liver, or
peripheral blood. This disease is nearer to home than first imagined and has been
reported in every continent except Australia or Antarctica currently (Hubbart and
Lawrence).
1.4 Treatment options
Current treatment options are medications with mineral antimony including
meglumine antimonite and sodium stibogluconate. These treatments are not
always effective, which leads to trial of other antiprotozoan medications such as
pentamidine flagyl, and allopurinol. In the long term, drug-resistant cases of
visceral leishmaniasis, sometimes removal of the spleen is required. Also, cases of
mucocutaneous leishmaniasis, the disfigurement in the face by facial lesions
sometimes require plastic surgery (Hubbart and Lawrence). In 2011, a study on
arsenic exposure from groundwater and resistance in antimonial medications
concluded that in Bihar, India the antimonials were largely ineffective (Perry).
The great availability of S. albidum and the many previous studies conducted on it
have caused it to be looked over for a possible solution. S. albidum would seem
an unlikely candidate for anti-leishmainal activity. However, initial screening of a
crude extract of S. albidum before this project began showed antileishmanial
activity was present.
2. MATERIALS AND METHODS
The approach to this research was completed in various steps over approximately three
months. The main steps of this experiment were collection, extraction, separation,
recrystallization, and structure determination.
2.1 Collection and Extraction
The bark of the S. albidum was collected from the University of Alabama in
Huntsville, (34o 43.32' N, 86o 38.30' W, 185 m elevation) campus May 7, 2014
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(Kamden and Gage). The bark was finely chopped and approximately 2.5 kg was
extracted through a Soxhlet extraction as shown in Figure 2. Each extraction
contained 100 g bark, approximately 50 g per sack, extracted with chloroform for
four to six hours per extraction. Soxhlet extraction is described in detail in the
Appendix, section 5.1.

Figure 2: Soxhlet extractor in the hood. Condensers on top connected to the water
on the right. Round bottom flasks sitting in heater. The author produced
all the following figures in this report.

2.2 Initial separation
The crude extract collected from the Soxhlet extraction was analyzed through
Thin Layer Chromatography (TLC) developed in varying concentrations of
chloroform and methanol. This process is described in detail in the Appendix,
section 5.3. The crude extract, 25.28 g, was separated initially through column
chromatography with chloroform and methanol. Figure 3 shows the initial column
with Nitrogen gas applying pressure. The nitrogen gas was removed shortly after
the column was started and simply the gravity and mass of the solvents drove the
system down. The fractions collected with each solvent concentration are shown
in Figure 4 below. The setup and theory of gravity column chromatography is
described more fully in the Appendix, section 5.2. Eighty-four ~250 mL samples
were collected from the column and the solvent from each was evaporated.
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Figure 3: Column chromatography with Nitrogen gas applied at the top to increase flow
rate of solvent
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Figure 4: Column chromatography fractions that eluted from each solvent ratio

2.3 Recrystallization
The evaporated samples were dissolved in ethyl acetate and the more polar
samples that eluted last were dissolved in water. The samples were analyzed
through TLC for the presence of similar compounds. The samples containing
similar spots on the TLC plates were combined based on these findings. Figure 5
shows the TLC under the ultraviolet light from fractions 20- 37. The earlier
fractions were only spotted and run through TLC, and not combined. After
combination of compounds with the same band of spots, each combination was
placed into a solvent diffusion technique.

Figure 5: TLC of fractions 20-37 under ultraviolet light.

Steinberg

6

Solvent diffusion technique was set up so that the sample, dissolved in ethyl
acetate, was placed into a small glass vial. The small vial would be between onefourth and half-way full and had no lid. This small vial was placed inside a larger
vial containing a small amount of pentane, so that the pentane level is lower than
the solution in the smaller vial. A lid with a Teflon lining was placed on the larger
vial. This set up is shown in Figure 6 below. Solvent diffusion technique was
prepared for each set of compounds and run for approximately twenty-four hours
each. If no crystals formed, the smaller vial was taken out and the solvent was
allowed to evaporate from the vial in the hood.

Figure 6: Solvent Diffusion Technique, where small vial contents are green and
pentane is colorless
For the species that crystallized, the solution on the top was pipetted off and
placed in a new small vial for repeated solvent diffusion technique. If the crystals
were too fine to be separated by pipetting the solvent off, the entire contents of the
small vial were placed through a Pasteur’s pipet with glass wool near the tip. The
crystals that collected on the glass wool were then washed off into a new vial.
This solvent diffusion technique was repeated until no more precipitates were
formed. The compounds were set to dry in the hood to evaporate off any
remaining solvent and sealed for storage.
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2.4 Structure Determination
The crystals and fractions separated in solvent diffusion technique to single
compounds were analyzed through nuclear magnetic resonance (NMR) proton,
carbon, gCOSY, gc2hsqcse, and gc2hmbc experiments. Some of the lighter mass
compounds were tested through gas chromatography- mass spectrometry (GCMS) and Infrared spectroscopy (IR). The NMR spectra were analyzed through the
MestRNova software after being collected from the Varian 500. The spectra were
compared to existing spectra and integrated to determine the structure of three of
the isolated compounds. More information about the theory behind NMR and IR
spectroscopy is included in the Appendix, sections 5.4 and 5.5. The analysis and
collection of the NMR, IR, and GC-MS data have come to a halt at this time but
more progress should be made on this research this upcoming summer. The three
isolated and identified compounds were submitted for antiparasitic screening in
November 2014.

3. RESULTS
During this project outside data was collected on the compounds identified in other
research of S. albidum. Since many spectra were obtained from the isolated compounds,
not all were used in identification of the compounds. Some spectra were not referenced
yet and some were only used to confirm the identity of the compound, but no individual
analysis was completed for them. The data presented here will show what compounds
were found in the S. albidum bark during this particular project, and will compare these
to current literature of previously identified compounds in S. albidum. In the last part of
this section, the spectra from which the identification was drawn will be included.
3.1 Compounds Identified
The analysis of the essential oil of the sassafrass bark by Kennedy and Setzer
showed the presence of thirty compounds. From the analysis of the spots in the
TLC data collected during this project, there were approximately fifty-eight
compounds present from the S. albidum bark extract.
After NMR and IR spectra were taken of multiple compounds, several compounds
were chosen based on the clarity of the spectra to complete analysis. The GC-MS
data obtained at this time was not useful to the analysis. After integration of the
NMR spectra and comparison to reference peak values of NMR and IR data, three
compounds were identified. The three compounds are the long chain aldehyde,
hexatriacontanal; the long chain alcohol, 1-triacontanol; and the cyclic compound,
sesamin.

Steinberg

8

3.1.1

Hexatriacontanal

Hexatriacontanal was the first compound isolated and eluted from the
column in fraction 5. This aldehyde crystallized in the second
recrystallization of fraction 5. It was labeled F5b before identification.
From this vial, the mass obtained was less than the original vial, despite
giving -0.1038 g. Hexatriacontanal has thirty-six carbons and is pictured in
Figure 7. After further analysis in another lab, hexatriacontal was found to
have no activity against L. amazonesis.

CHO

Figure 7: Hexatriacontanal

3.1.2

1-triacontanol

The compound 1-triacontanol eluted from the column in fraction 19, and
separated in the first recrystallization, thus named F19a. There was
0.0319 g obtained. This long chain alcohol contains a terminal alcohol
functional group with a thirty-carbon length chain. Figure 8 shows the
structure of 1-triacontanol. After analysis in another lab, 1-triacontanol
was shown to be active (IC 50 = 19.9 ± 2.2 μg/mL) and then was somewhat
cytotoxic to mouse macrophage cells (IC 50 = 68.7 ± 6.8 μg/mL).
OH

Figure 8: 1-triacontanol
3.1.3

Sesamin

The compound with the clearest structure from the spectra of the three was
sesamin. Sesamin was eluted in the column fractions thirty through thirtyfour. These fractions were combined and sesamin crystallized out during
the second recrystallization. Sesamin was the F30-34b compound with a
final mass of 0.0511 g. Sesamin has a cyclic structure as depicted in
Figure 9. Analysis from the other lab showed sesamin was active against
L. amazonesis (IC 50 = 25.5 ± 2.1 μg/mL) and was not cytotoxic to mouse
cells (IC 50 > 100 μg/mL).
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Figure 9: Sesamin
3.2 Comparison to Current Data
The resources found on this topic are specific to the S. albidum leaves and
essential oils of the bark. Regarding the essential oil of the leaf, one study found
the presence of another long chain aldehyde, pentadecanal. It is possible that the
long chain aldehyde, hexatriacontanal, could actually be shorter than was
determined in this project. In the essential oil identification from the S. albidum
leaf research, GC-MS was applied to each of the isolated oils to identify more
specifically the mass spectral fragmentation patterns. The extra data from GC-MS
would allow for confirmation on the length of the hydrocarbon chain after the
initial integration of the NMR spectra peaks. The presence of the long chain
aldehyde in the S. albidum leaf oil does not contradict this project’s findings, but
rather adds certainty to these results. The conclusion of the presence of
hexatriacontanal, as a long chain aldehyde in the S. albidum trunk bark, is most
likely confirmed by the presence of a similar, but shorter, long chain aldehyde
found in the S. albidum leaves (Kaler and Setzer).
A long chain alcohol, similar to 1-triacontanol, was not as easily compared to
known compounds. The oils containing an alcohol functional group in the S.
albidum leaf are cyclic or contain double bonds, for example (Z)-3-hexenol, nerol,
and kongol (Kaler and Setzer). In the root bark essential oil research, the alcohols
identified were not terminal, long chain alcohols either, but rather alcohols
attached to carbon rings (Kamden and Gage). A few of the alcohols found in the
root bark include eugenol, methyleugenol, and α-cadinol (Kamden and Gage).
This comparison leads to a few possible conclusions. This would mean 1triacontanol would be similar to the terminal alcohol in the S. albidum leaf, (Z)-3hexenol, which comes from enzymatic degradation of fatty acids and is a “green
leaf” compound responsible for the smell of freshly cut grass. This conclusion is
unlikely however, because of the lack of peaks in the NMR spectrum for the
presence of π bonding (Kaler and Setzer). This compound may not have been
found in previous studies of the essential oils with GC-MS because it may not be
volatile enough. Therefore, its presence cannot be confirmed through the
comparison to previous data.
The third compound identified during this project, sesamin, was not found in the
literature sources accessed of previously identified essential oils of the leaves or
Steinberg 10

bark of S. albidum. This is due to the fact that sesamin is not volatile enough to
appear in the essential oil analysis. Therefore, sesamin is found in the trunk bark
and possibly also in the leaves of the S. albidum.
3.3 NMR and IR Spectra
The NMR and IR spectroscopy yielded the following figures. Figures 10, 11, and
12 show the 1H NMR spectra. These were evaluated, first defining the peak
around 7.2ppm as the solvent, or the peak from chloroform-D (CDCl 3 ). These
were then analyzed based on reference material and previous knowledge of proton
spectra. The chemical shifts and reference material for the spectra helped
determine the compound structure as shown below.
Figures 13, 14, and 15 show the 13C NMR spectra for each of the three
compounds. The solvent shift for the chloroform-D peak is seen at 77ppm. Once
again, these were analyzed through comparison to reference material in the
MestrNova software.
Figures 16, 17, and 18 show the IR spectra for the three identified compounds.
The bands were compared to multiple references to determine what functional
groups were present in the compounds.
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Figure 10: 1H NMR of F5b, Hexatriacontanal, in solvent CDCl 3 , peak right above 9.0
ppm indicates presence of an aldehyde
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Figure 11: 1H NMR of F19a, 1- triacontanol, in solvent CDCl 3 , peak at 1.5ppm indicates
the presence of the OH proton, and the peak at 3.7 ppm is evidence of hydrogen atoms
neighboring the alcohol group.
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Figure 12: 1H NMR of F30-34b, sesamin, in solvent CDCl 3 , the integration and solvent
peak reference are included in this spectrum

Figure 13: 13C NMR spectrum of F5b, Hexatriacontanal, in solvent CDCl 3 . The small
peak at 200 ppm proves the presence of an aldehydye. This was over-layed to cut out
empty parts of the spectrum and show the peak near 200 ppm.
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Figure 14: 13C NMR spectrum of F19a, 1- triacontanol, in solvent CDCl 3 , after
integration of large shift at about 32 ppm, gives 30 Carbon atoms present
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Figure 15: 13C NMR spectrum of F30-34b, sesamin, in solvent CDCl 3 ; the carbon shifts
indicate the presence of the rings in sesamin. The integration and solvent reference peak
were included in this spectrum also.

Figure 16: IR spectrum of F5b, Hexatriacontanal; the large band below 3000 cm-1
confirms the presence of a long hydrocarbon chain attached to the aldehyde
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Figure 17: IR spectrum of F19a, 1- triacontanol, the large band below 3000 cm-1
confirms the presence of a long hydrocarbon chain attached to the alcohol
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Figure 18: IR spectrum of F30-34b, sesamin; The peaks at the left, to the right of 3000
indicate an alkane stretch. The peak at 1607.19 through 14440.42 cm-1 indicates a
Carbon-Carbon stretch in an aromatic ring. The peaks on the far right, from
1969-672 cm-1 represent the presence of an alkene.
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4. CONCLUSION
The Sassafrass albidum trunk bark has known antileishmanial properties. This common
North American plant surprisingly could be the key to disarming the harmful parasite,
Leishmania. Three of the isolated compounds from this bark, identified in this project,
held the potential to be antileishmanial, providing relief for the many people affected by
this disease each year. These three isolated compounds, hexatriacontanal, 1-triacontanol,
and sesamin were identified during this project and were sent for antileishmanial
screening at the end of November.
Presence of sesamin is a good sign since this compound has previously found
antiparasitic activity in other studies. Sesamin has been shown to have moderate
antipanosmal activity, which is against the protist Trypanosoma brucei (Siheri et al.).
Other research has shown the preferential targeting of sesamin for Leishmania pteridine
reductase and glycerol-3-phosphate dehydrogenase (Ogungbe et al.) Additional research
shows the antiparistic activity of sesamin against Plasmodium falciparum (Albernaz et
al.10). This is consistent with the data collected from this research of the activity of
sesamin.
The results obtained from the screening showed that hexatriacontanal has no activity
against L. amazonensis. The 1-triacontanol is active, but is somewhat cytotoxic to mouse
macrophage cells. The sesamin results showed it is active against L. amazonensis and not
cytotoxic to mouse cells. This is promising for possible use against Leismaniasis. This
project may hold findings that impact change in the world for those affected by
Leshmaniasis.
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5. APPENDIX
There are many techniques used to isolate and identify organic compounds. The
approaches used in this project include Soxhlet extraction, column chromatography, thin
layer chromatography, NMR, and IR spectroscopy. This section of the report describes
the procedure followed for these approaches in more detail and includes the theory
behind each of these experiments.
5.1 Soxhlet extraction
The process of Soxhlet extraction is similar to what happens when a pot of coffee
is brewed and the caffeine is extracted from ground coffee beans by hot water
(Fessenden et al. 49). The solvent is heated like the water, and compounds from
the plant part that is being analyzed are separated from the plant material.
Obtaining these compounds that separate from the plant, like caffeine from
ground coffee, are the goal. The setup of the Soxhlet extraction is shown in Figure
2 on page 4. Soxhlet extraction is a type of continuous solid-liquid extraction.
When setting up the Soxhlet extraction for this experiment, the chopped bark of
the S. albidum trunk was placed into the small sacks shown in the figure. It is
important to chop the bark instead of placing it in the bag in small strips. When
the bark is chopped, just like when coffee beans are ground, the surface area for
the solvent to extract the compounds from increases. Initially, the round bottom
flasks at the bottom of the apparatus were filled half way with chloroform. The
flasks were heated slowly to vaporize but not to boil violently. The vapor would
travel up the outside glass tube and into the condenser at the top. Water
continually flowed through the condenser to cool the vapor. The condensation
would fall into the section with the bark and slowly fill up this main compartment.
When the solvent filled this compartment, the organic extract would siphon
through the small siphon tube on the side, back into the round bottom flasks. This
process is repeated continually for four to six hours per 100 grams of bark
(Fessenden et al. 67).
5.2 Column Chromatography
The column was packed with a silica and chloroform slurry to set up the column.
Approximately 500 grams of silica were required to pack the column. Another
slurry was made with silica and the crude S. albidum bark extract and placed at
the top of the column. For HPLC, high-performance liquid chromatography,
grade chloroform was the only solvent put in the column initially (Fessenden et al.
119). When the stopcock of the column was opened at the bottom, solvent ran
through slowly due to chloroform’s high polarity and silica’s polarity. The solvent
was continually added at the top to keep the silica wet. If silica dries while still
washing compounds through the column, it will crack.
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During the first hours of running the column, nitrogen gas was applied to the top
to increase the speed of the solvent flow. Also, there were periodic checks to see
if the solvent had eluted any compounds. When a residue was found in the solvent
eluted from the column, the fraction collection began. As the different color bands
began separating and eluting from the column, the solvent was changed to a 9:1
mixture of chloroform and methanol. After approximately a liter of 9:1 solution
was allowed to move through the column, the solvent system was changed to 8:2,
chloroform to methanol. This changing of the solvent about every one-liter
continued until a liter of pure methanol was run through the column then
collection stopped. Eighty-four approximately 250 mL fractions were collected.
The theory behind separating compounds in a glass column with an adsorbent and
solvent, comes from the idea of separating compounds through stationary and
mobile phase. Based on how the compounds interact with the adsorbent
determines if the compound moves and the rate at which it moves. The adsorbent
in this experiment was silica. The type of column chromatography used in this
project was gravity, so two opposing forces were applied to the sample. The
solvent dissolving the sample and the adsorbent adsorbing the sample both
applied pressure. Because silica is polar, the nonpolar compounds moved through
the column first. Since like compounds are attracted to each other, nonpolar
compounds are not attracted to or adsorbed strongly by the polar adsorbent, silica.
The more polar compounds take longer to elute, because the polar compounds are
more likely to stick to the silica (Fessenden et al. 119-20).
5.3 Thin Layer Chromatography
Thin Layer Chromatography, commonly referred to as TLC, is a separation
technique that shows what different compounds are present in a fraction. TLC
requires samples of fractions to be tested in a way that they cannot be recovered.
The TLC plates used during this project had a plastic backing and thin layer of
absorptive silica on the front. These plates would be spotted, where a single
fraction was dotted onto the plate, approximately 1 cm from the bottom of the
plate and 1.5 cm away from other fractions. Nineteen fractions could be spotted
on one plate to allow each enough room to travel up the plate and not run into
each other.
A developing chamber of the solvent system at which the fractions eluted from
the column was prepared with about 1.5 cm depth of solvent. The TLC plate
would be placed in the chamber, and the solvent would carry the compounds up
the plate. The TLC plate would be removed when the solvent line had not quite
reached the top. After the solvent evaporated off the plate, it would be examined
under ultraviolet light in order to see the compound spots as shown previously in
Figure 5 on page 6. Often the compounds would all run with the solvent to the top
of the plate if the solvent system was too polar, or the compounds would stay at
the bottom where they were spotted if the solvent system was not polar enough.
When the fractions spotted were too concentrated, the TLC plates would show
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streaks instead of dots. TLC would be repeated, changing the solvent system until
separate spots were seen.
TLC carries the compounds up the plate different distances based on their
adsorption on the adsorbent coating, which is silica in this project. The more polar
compounds will appear as spots towards the bottom of the plate while the less
polar compounds appear as spots towards the top. This is one of the fastest ways
of determining the purity of a compound. If only one spot appears on the plate,
only one compound is present in the sample. The initial TLC of the crude extract
was performed to determine the best solvent for separation during column
chromatography (Fessenden et al. 133).
5.4 Nuclear Magnetic Resonance Spectroscopy
Nuclear Magnetic Resonance Spectroscopy, or NMR, is a crucial structure
determination technique for many types of research. NMR was the key
component to identifying the compounds in this project. There are many types of
data that NMR spectroscopy provides, the proton peaks, the carbon peaks, and
then combined data about how the carbons and hydrogen atoms attach in the
molecule in two-dimensional NMR. The spectra take approximately twelve hours
to obtain and many more to analyze. To prepare samples for this experiment, they
must be dissolved in a solvent with Deuterium instead of Hydrogen atoms.
Deuterated Chloroform, CDCl 3 , was used to dissolve all three of the compounds
identified during this project. The samples were dissolved in approximately 0.5
mL of solvent and were placed into a long, thin glass tube. The NMR tube was
placed in the large NMR spectrometer within a strong magnetic field (Bruice et al.
556).
After the spectrometer has collected all its data, the spectra are analyzed using
software called MestrNova. This software allows the integration of the spectrum,
assignment of reference points, calibration based on the solvent peak, and much
more. From one compound and a successful experiment with the NMR, 1H
NMR, 13C NMR, gCOSY, gc2hsqcse, and gc2hmbc were collected. These spectra
can be pieced together like a puzzle in order to determine how many carbons and
protons are present and where they connect.
NMR uses the theory that the nucleus of an atom has a magnetic moment and
generates a magnetic field. This field, in the absence of an applied magnetic field,
is randomly oriented in the nuclei. NMR places a compound between the poles of
a strong magnetic field. When the magnetic moments of the nuclei align with the
strong field, they are in the lower-energy, α-spin state. The magnetic moments
that align against the strong field are higher energy β-spin state. The difference in
energy between the α and β spin states is measured; the sample is subjected to a
small pulse of radiation that flips α-spin states to β. This flip generates a signal
depending on the difference of energy between the spin states. The NMR
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spectrometer provides a plot of signal frequency versus intensity (Bruice et al.
553-4).
One key property of Hydrogen in a compound is shielding. Shielding provides a
difference in signal between the various Hydrogen atoms in a single molecule.
Based on where the Hydrogen atoms are located in the compound, they do not
experience the same magnetic field. The Hydrogen atoms that are in electron-rich
environments give peaks at lower frequencies because they are more shielded.
The hydrogen atoms in electron-poor environments give peaks at higher
frequencies and are less shielded. The higher the frequency of the peak, the larger
the amount of energy needed to flip the nuclei spin (Bruice et al. 556-7).
5.5 Infrared Spectroscopy
Infrared spectroscopy, also known as IR, is a technique that gives a spectrum of
bands that correlate to the functional groups in a compound. A small amount of
solid is placed over the lens of the IR spectrophotometer. The IR
spectrophotometer passes radiation through the sample, and based on the
absorption of energy, creates absorption bands given in a spectrum of percent
transmission of radiation versus wavelength of radiation transmitted (Bruice et al.
519).
The way these absorption bands contribute the structure determination of organic
compounds is that in radiation with wavenumbers of 4000 to 600 cm-1 the
frequency of the vibration of one of the bonds in the compound at some point
matches the frequency of the radiation. At the moment the frequencies are
identical, the bonds stretch and bend more giving an experimentally determined
wavenumber for that particular compound. Certain functional groups such as
alcohol and aldehydes are seen in absorption bands at particular wavenumbers
(Bruice et al. 518-9).

Steinberg 25

